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© Rack and pinion pneumatic actuator with counter-pressure control and damping device. 



® A pneumatic, rotary, rack and pinion actuator 
with counter-pressure actuated damping device. The 
actuator comprises first and second rack and piston 
assemblies (13, 14) reciprocable inside correspond- 
ing pneumatic cylinders (11, 12), which engage on 
the opposite sides of a pinion (15) on and output 
shaft (16). Each rack and piston assembly (13, 14) is 
provided with an axial ly extending duct (30) opening 
at opposite ends into a drive chamber (21, 22) and a 
counter-pressure control chamber (25, 26), respec- 
tively; counter-pressure control and damping means 



(31, 39, 44) are provided in the piston-assemblies 
and cylinders, comprising a throttling valve (44) 
opening into the control chamber (25, 26) and a 
check valve (31) in said ducts (30); a thrust pin 
member (38) protrudes in the control chamber and 
into the duct end (30) to open the check valve (31 ) 
and fed in a controlled manner pressurised air from 
the drive chamber (21 , 22) into the control chamber 
(25, 26), before each rack and piston assembly (13, 
1 4) reaches the end of its stroke. 
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The present invention relates to fluid powered 
rotary actuators and in particular relates to a pneu- 
matic rack and pinion actuator provided with a 
counter-pressure control and damping device, to 
positively decelerate and damp the movement of 
rack and piston assemblies at the end of their 
strokes. 

Pneumatic, rotary, rack type actuators are 
known and widely used for converting the recipro- 
cating movement of two opposing rack and piston 
assemblies into reciprocating rotary movement of a 
drive shaft. Such rack type pneumatic actuators are 
known for example from US-A-3.447.423. 

In pneumatic rack-type actuators of the kind 
mentioned above, it is necessary to adequately 
slow down and dampen the reciprocating move- 
ment of the rack and piston assemblies each time 
their strokes are reversed, to prevent shocks and 
damages. Currently, use is made of hydraulic de- 
celerating or damping systems which are mounted 
outside the actuator using complex and cumber- 
some solutions which involve additional costs; from 
US-A-3.447.423 it is also known the use of a throt- 
tling valves comprising pin members arranged on 
the pistons to enter an inlet port to restrict flow of 
fluid as the piston assemblies approach the ends of 
their strokes. 

In the field of pneumatic actuators it is also 
known the use of pneumatic damping device which 
intervene at the end of the stroke performed by the 
piston assembly and which operate on the principle 
of air compression, with extremely limited damping 
efficiency and without providing any possibility of 
controlling the damping effect. In fact, in pneumatic 
damping devices of the known type, the chamber 
intended to be subjected to a counter-pressure is 
normally open or vented to the atmosphere, being 
closed by the said piston only at the end of its 
stroke. Therefore, allow air pressure is established 
in said chamber at a value substantially close to 
atmospheric pressure and must be compressed by 
a "pumping" action of the piston, before the latter 
reaches the end of the stroke resulting in a very 
limited or inefficient damping and decelerating ef- 
fect; otherwise extremely long and additional stroke 
of the piston would be necessary, resulting in a 
considerable increase in the dimensions as well as 
the costs of the actuator. 

From FR-A-2.200.451 a fluid operated actuator 
it is known in which a pressurised chamber of a 
cylinder is brought in communication with an op- 
posite pressureless chamber of the same cylinder 
by pin actuated valve members provided in a lat- 
eral passage of the piston, to be actuated at the 
approaches of the end of the strokes of the same 
piston; nevertheless in said actuator, the low pres- 
sure chamber is usually vented or connected to a 
discharging duct and no positive counter-pressure 



control or controlled dumping actions are possible 
when the piston assembly approaches and is mov- 
ing towards the end of it stroke. Therefore, the 
pneumatic damping devices currently known are 
5 difficult to use or to adapt for applications on rack- 
type rotary actuators, or are not able to provide a 
positively controlled damping action. 

Currently, rack-type rotary actuators incorporat- 
ing pneumatic damping and controlled decelerating 
io systems, able to satisfy the abovementioned re- 
quirements, are not known. 

Therefore, the general object of the present 
invention is to provide a pneumatic rotary actuator 
of the pinion and rack type, provided with differen- 
75 tiated pneumatic damping actions, to dissipate the 
accumulated energy by means of a counter-pres- 
sure positively generated at a required moment 
and in a controlled manner, within the same ac- 
tuator, in an extremely small space at the ap- 
20 proaching end of each working stroke, successively 
allowing a low-down to stop and reverse the sliding 
movement of the rack and piston assemblies. 

A further object of the present invention is to 
provide a rack-type rotary actuator provided with 
25 an internal, pneumatic, counter-pressure damping 
device, as mentioned above, having a very low 
cost and by means of which it is possible to 
achieve a high damping and decelerating effect, 
with high counter-pressure values, equivalent or 
30 close to the pressure value of the operating fluid of 
the same actuator. 

A further object of the present invention is to 
provide a pneumatic rotary actuator of the rack 
type, by means of which it is possible to control 
35 both the instant when the deceleration phase starts 
and the value of the counter-pressure required to 
dissipate entirely the accumulated energy, whilst 
keeping the overall dimensions very compact and 
substantially equivalent to the useful working stroke 
40 of the said actuator. 

A further object of the present invention is to 
provide a rotary pneumatic actuator of the rack 
type, by means of which it is possible to continu- 
ously adjust the working stroke or to obtain a 
45 programmable intermediate stopping position, 
whilst maintaining the desired damping effect. 

All of the above can be achieved by means of 
a pneumatic rotary actuator of the rack and pinion 
type, having the characteristic features of the main 
so claim. 

The pneumatic rotary actuator according to the 
invention will be illustrated in greater detail herein- 
below, with reference to some solutions shown in 
the accompanying drawings, in which: 
55 Fi 9- 1 is a partially sectioned view of a first 
embodiment of the pneumatic actuator accord- 
ing to the invention; 

Fig. 2 is a section along the line 2-2 of Figure 1 ; 
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Fig. 3 is an enlarged view of a detail of Figure 1 , 
relating to a further solution; 
Fig. 4 is an enlarged detail view of a further 
solution of the pneumatic actuator according to 
the present invention, in a first operating con- 
dition; 

Fig. 5 is a view similar to that of Figure 4 in a 

second operating condition. 
In the example shown, the actuator denoted 
overall by 10 consists of a body member defining, 
respectively, a first pneumatic cylinder 11 and a 
second pneumatic cylinder 12 located alongside 
and parallel to the former. 

Rack and piston assemblies comprise racks 
13, 14 which slide inside the cylinders 11, 12 in a 
reciprocating manner and have teeth meshing with 
the opposite sides of a central pinion 15 of an 
output shaft 16, which protrudes through an open- 
ing 17 in a covering plate 18 of the body 10 of the 
actuator. 

At the corresponding ends of each rack 13 and 
1 4 there are provided two pistons 1 9 and 20 which 
reciprocate or are movable inside a first chamber, 
21 and 22 respectively, also called drive chamber 
for the pneumatic cylinders 11, 12, as well as 
pistons 23 and 24 respectively, movable inside a 
corresponding second chamber, 25 and 26 respec- 
tively, also called counter-pressure chamber; the 
counter-pressure chamber inside each cylinder is 
axially aligned with the drive chamber 21, 22 and 
has a slightly smaller inside diameter in order to 
produce a differentiated counter-pressure action. 
Both pneumatic cylinders 11 and 12 are of the 
single-acting type, operating alternately, i.e. one in 
a first direction and the the other one in the op- 
posite direction, so as to cause a reciprocating 
rotation of the shaft 16. 27 and 28 in Figure 1 
denote inlet ports or apertures for the pressurised 
fluid at corresponding ends of both the pneumatic 
cylinders. 

As previously mentioned, the pneumatic ac- 
tuator according to the invention comprises 
counter-pressure actuated damping means for dis- 
sipating the energy accumulated during the move- 
ment by the piston assemblies, said energy being 
rapidly dampened in an extremely small portion of 
the piston and rack stroke. 

In this connection, each rack 13, 14 has formed 
in it a longitudinal duct 30, as for example illus- 
trated in the rack of the upper cylinder 12 accord- 
ing to Figure 1, which is able to place the drive 
chamber 22 in communication with the counter- 
pressure control chamber 26 via a normally closed 
unidirectional check valve 31 designed to be 
opened, in a controlled manner, only when said 
rack and piston assembly is near the end of its 
stroke, towards the right in Figures 1 and 3, as will 
be explained below. 



In particular, as shown in the example of Figure 
3, the check valve 31 is normally closed and acts 
to prevent the fluid under pressure flowing from the 
chamber 22 to the chamber 26 substantially during 

s the entire working stroke of the rack. This valve 
consists for example of a ball member 32 biased 
by a spring 33 against an annular seat 34 in the 
duct 30 inside the piston 24. 

On the side opposite to that of the rack 1 4, the 

10 piston 24 is extended by a cylindrical lug 36 pro- 
vided with an axial passage 37 forming a continu- 
ation of the dust 30 from the seat of the ball valve 
31, which opens out and extends into the counter- 
pressure chamber 26. 

75 The ball valve 31 near the end of its stroke, i.e. 

almost at the end of the movement towards the 
right in figure 3, is opened by a thrust member 
provided in the form of a pin 38 which protrudes 
into the control chamber from the end closing wall, 

20 and axially penetrates into the passage 37 so as to 
push back the ball 32 opening the valve 31 at a 
predetermined position during the reciprocating 
movement of the actuator rack and piston assem- 
bly; when the valve 31 is opened, the fluid under 

25 pressure is able to flow instantaneously from the 
driving chamber 21 or 22 of each cylinder to the 
counter-pressure chamber 25 or 26, positively gen- 
erating inside the latter a instantaneous counter- 
pressure having the same value as, or a valve 

30 close to the cylinder actuating fluid pressure. 

The position of the pin 38 is adjustable axially, 
being for example provided on a threaded stud 39 
screwed into a threaded hole 40 in a stopping 
element or plug 41 which closes or can be 

35 screwed into the corresponding end of the counter- 
pressure chamber 25, 26 of the respective cylinder. 
The inside face of the plug 41 defines a stop 
against which the counter-pressure piston of the 
respective rack of the actuator comes to rest. 

40 Each counter-pressure chamber 25, 26 of the 

two cylinders communicates with the atmosphere 
via a throttling valve comprising a restricted pas- 
sage 42 formed in the said closing plug 41. The 
aperture via which the fluid flows out from the 

45 passage 42 may be suitably restricted and ad- 
justed for example by means of a needle member 
43 mounted on a pin 44 which can be screwed into 
a corresponding threaded hole 45 of the plug 41. 
The needle 43 has a passage 46 which, on one 

so side communicates with the restricted passage 42 
and, on the other side, communicates with the 
exterior via a filter 47 incorporated in the said 
threaded pin 44. 

In Figure 3, finally, 48 denotes an annular seal 

55 located in a cylindrical cavity 49 of the plug 41, 
coaxial ly arranged with respect to the thrust pin 38, 
through which the tubular lug 36 penetrates at the 
appropriate moment so as to close the duct 30 in 
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respect to counter-pressure chamber 26 when the 
valve 31 is opened, so that the fluid under pressure 
contained in the chamber 25, 26 is forced to flow 
out from the restricted passage 42. 

In the example according to Figure 1, the plug 
41 can be screwed into the respective cylinder in a 
fixed position corresponding to a pre-fixed travel or 
stroke of the racks of the actuator. In Figure 3, on 
the other hand, the plug 41 is constructed in the 
form of a cylindrical body, the position of which 
may be adjusted axially along an extension 50 of 
the counter-pressure chamber 26, for the reasons 
explained below. 

The operation mode of the pneumatic rack- 
type actuator according to Figure 1 is substantially 
as described below: it is assumed that the needle 
valve 43 and the thrust member 38 have been 
suitably adjusted so as to obtain the correct value 
for the damping counter-pressure inside the cham- 
ber 26 and the exact moment for opening of the 
check valve 31 , before the rack and piston assem- 
bly in each cylinder reach the stop position. 

Assuming moreover that the upper rack and 
piston assembly of Figure 1 in a given instant 
moves to the right, in the direction of the arrow 
shown, and the correspondingly the other lower 
rack and piston assembly moves to the left, caus- 
ing the pinion 15 and associated shaft 16 to rotate 
in one direction, as soon as the right-hand piston 
24 nears the end of its stroke, in the position 
shown in Figure 3, the pin 38 of the thrust member 
penetrates into the bored lug 36, strikes against the 
ball 32 of the check valve which is therefore 
opened, overcoming the action of the thrust spring 
33. As soon as the shack valve 31 is opened, the 
fluid under pressure inside the drive chamber 22, 
via the axial passage 30 in the rack and the open 
check valve 31, passes instantly into the counter- 
pressure chamber 26 since the lug 36 has not yet 
penetrated into the seal 48 inside the cavity 40 of 
the closing plug 41. Under these circumstances, 
inside the chamber 26 a high counter-pressure 
value is positively established, being slightly less 
than the value of the pressure existing in the cham- 
ber 22, depending on the back-pressure provided 
by the restricted passage 42 and the needle valve 
43; this provides a first damping action for the most 
kinetic energy of the system. Continuing its brief 
stroke to the right of the piston 24, the lug 36 
closes on the seal 48 and the pressurised air inside 
the control chamber 26 is now forced out through 
the needle valve 43, rapidly damping the remaining 
kinetic energy accumulated by the two rack and 
piston assemblies and by the load connected the 
output shaft. 

When the assemblies consisting of the two 
racks with the associated pistons reached a stop 
position, the supply of the pressurised air to the 
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cylinders is reversed and the movement is started 
in the opposite direction, until the other rack and 
piston assembly, i.e. the lower one in Figure 1, 
assumes a condition similar to that illustrated pre- 
5 viously for the upper assembly in Figure 3, thus 
activating its pneumatic damping device. 

As mentioned previously, the counter-pressure 
chamber 25, 26 has a diameter which is slightly 
smaller than that of the actuating chamber 21 , 22 in 
io each pneumatic cylinder, such that, taking account 
of the internal frictional forces, the counter-thrust 
exerted by the fluid inside the control chamber 26 
totally offsets the thrust acting inside the other 
chamber, slowing down and damping completely 
is the movement of the racks. 

From the description and illustrations it is clear 
that by suitably adjusting the position of the needle 
valve 43, it is possible to vary the value of the 
counter-pressure inside the control chamber 26 
20 according to the kinetic energy accumulated by the 
moving masses. 

It is also clear that, by suitably adjusting the 
position of the pin member 38, it is possible to 
bring forward or delay, i.e. to vary the moment of 
25 opening of the check valve 31, so as to be able to 
set it for opening at a desired moment. 

In the solution according to Figure 1, the plugs 
41 with the pin member 38 and the needle valve 43 
of the orifice 42 for throttling out the fluid from the 
30 counter-pressure control chamber, have a fixed po- 
sition which does not allow the working stroke of 
the racks to be changed. However, according to 
the example of Figure 3, it is possible to change 
the stroke of the racks and consequently the angle 
35 of rotation of shaft 16 between 0 and 180°, with 
the possibility of obtaining continuous adjustment 
from 45 to 90° and 0 to 180% respectively, de- 
pending on requirements. This may be obtained, 
according to the example of Figure 3, by screwing- 
40 in plugs 41 along threaded sections inside the 
body 10 of the cylinders, so as to cause said plugs 
41 to move forward as far as a desired stop posi- 
tion of the rack and piston assemblies depending 
on the angle of rotation which one wishes to obtain. 
45 In all cases, whatever the stop position of said 
assemblies an efficient pneumatic and positive ac- 
tion is obtained, with deceleration of the same and 
damping of the kinetic energy accumulated by the 
moving masses, in an extremely short length of the 
so final stroke movement, independently of the stop 
positions defined by the plugs 41. 

According to the previous example of Figure 1, 
on the left-hand of the actuator, namely on the side 
opposite to that of the plugs containing the pneu- 
55 matic damping device, the chambers of the two 
cylinders are closed by a simple plate having 
formed in it the apertures 27 and 28 for supplying 
the pressurised fluid to the drive chambers 21 and 
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22, respectively, of the actuator. 

However, according to the present invention, it 
is also possible to provide an intermediate stopping 
point at 90 * of the stroke of the racks, which can 
be suitably programmed by means of an additional 
stop element pneumatically operated in the manner 
described hereinbelow. 

As shown in Figure 4, for example in the case 
of the lower cylinder 11, at the ends of each 
cylinder located opposite the pneumatic damping 
device, there is provided an additional stop ele- 
ment 50 which can be actuated, upon issue of a 
control signal, so as to protrude partially inside the 
actuating chamber 21 and 22 respectively, thus 
resulting in an intermediate stop position for the 
racks. In the example shown, the additional stop 
element 50 consists of a stem connected to the 
piston 51 of a single-acting cylinder 52 formed or 
provided in the end closing plate 55. The stem 50 
terminates inside the chamber 21 or 22 of the 
cylinders with an enlarged head 53 against which 
the piston 19 comes to rest, in alignment with a 
cavity 54 inside the piston itself, to close duct 30. 

Figures 4 and 5 of the drawings show the two 
positions of the additional stop element: the re- 
tracted position of Figure 4, where the piston 19 or 
the rack comes to rest against the end-plate 55, 
and the advanced position in Figure 5, where the 
piston 19 of the rack comes to rest against the 
intermediate stop element 53. It is obvious that the 
intermediate stop element must be actuated in 
advance in a programmed manner in accordance 
with the operation mode of the entire actuator. 

From the above description and that illustrated 
in the accompanying drawings, it is therefore clear 
that a twin-rack actuator has been provided, which 
is able to produce efficient deceleration and damp- 
ing of the energy accumulated by the system, 
creating an instantaneous counter-pressure action 
on the side of a rack opposite to the actuating side, 
an action which can be suitably and positively 
controlled at any point of the stroke of the actuator. 

It is therefore understood that the above de- 
scription and illustrations in the accompanying 
drawings have been provided purely by way of 
example of the innovative principles of the rack- 
type actuator according to the invention. 

Claims 

1. A pneumatic, rotary, rack and pinion actuator 
with counter-pressure actuated damping de- 
vice, the actuator comprising first and second 
rack and piston assemblies (13, 14) reciproca- 
ble inside corresponding pneumatic cylinders 
(11, 12) and engaging on the opposite sides of 
a pinion (15) on an output shaft (16), charac- 
terised in that each rack and piston assembly 



(13, 14) is provided with an axially extending 
duct (30) opening at opposite ends into a drive 
chamber (21, 22) and a counter-pressure con- 
trol chamber (25, 26) respectively of said cyl- 

5 inders (11, 12), said counter-pressure control 

and damping means (31 , 39, 44) being pro- 
vided in the piston assemblies, and a throttling 
valve (44) opening into the control chambers 
(25, 26) of the cylinders; a check ball valve 

70 (31) being provided in each of said dusts (30), 

and a thrust pin member (38) protruding in the 
control chamber and into the duct end (30) to 
open the check valve (31) and fed in a con- 
trolled manner pressurised air from the drive 

75 chamber (21, 22) into the control chamber (25, 

26), before each rack and piston assembly (1 3, 
1 4) reaches the end of its stroke. 

2. Rotary pneumatic actuator according to claim 
20 1, characterised in that each cylinder (11, 12) 

comprises a drive chamber (21, 22) and a 
counter-pressure control chamber (25, 26) ax- 
ially aligned with respect to each other, said 
control chamber (25, 26) communicating with 

25 the atmosphere via a restricted orifice (42); 

each of said rack (13, 14) having a first piston 
(14, 20) reciprocable inside the drive chamber 
(21, 22), and a second piston (23, 24) re- 
ciprocable inside the abovementioned counter- 

30 pressure control chamber (25, 26), and in that 

pneumatic means (30, 31) are provided for 
decelerating and damping the reciprocating 
movement of the racks (13, 14), said damping 
means comprising a duct (30) axially extending 

35 in each rack and piston assembly (13, 14) to 

communicate the drive chamber (21, 22) with 
the corresponding counter-pressure control 
chamber (25, 26), a ball valve (31) being pro- 
vided inside said dust (30), and thrust means 

40 (38) axially protruding into the counter-pres- 

sure control chamber, for advanced opening of 
said check valve (31), when the rack ap- 
proaches the end of its stroke in the direction 
of the aforementioned counter-pressure cham- 

45 ber (25, 26). 

3. Actuator according to Claim 2, characterised in 
that said check valve (31) comprises a ball 
valve member (32) biased against a seating in 

so the duct (30), and in that said thrust means 

comprise a ball thrusting pin (38) coaxially 
extending from one end of the cylinder and 
towards the abovementioned duct (30). 

55 4. Actuator according to Claim 3, characterised in 
that said bail valve member (32) and seating 
means (34) are provided in the piston (23, 24) 
at the counter-pressure control chamber (25, 
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26), and spring means (33) to urge said ball 
member (32) against said seating means (34), 
said piston (23, 24) comprising a tubular lug 
(36) coaxiaily extending said duct (30), and an 
annular seal member (48) in a cavity at the 5 
end of the counter-pressure control chamber 
(25, 26) opposite to said piston (23, 24). 

5. Actuator according to Claim 1 , characterised in 

that the counter-pressure control chamber (25, 10 
26) communicates with the exterior via a re- 
stricted passage (42) comprising an adjustable 
throttling valve (43). 

6. Actuator according to Claim 3, characterised in 75 
that said thrust pin (38) is provided on a axially 
threadable stud member (39). 

7. Actuator according to one or more of the pre- 
ceding claims, characterised in that said re- 
stricted orifice (42), said throttling valve (43), 
said thrust means (38) and said seal member 
(48) are provided on an end closing plug ele- 
ment (41) for the counter-pressure control 
chamber (25, 26). 

8. Actuator according to Claim 7, characterised in 
that said end closing plug element (41) is 
longitudinally adjustable inside an extension 
(50) of the counter-pressure control chamber 
(25, 26). 

9. Actuator according to Claim 1, characterised in 
that said counter-pressure control chamber 
(25, 26) has a diameter smaller than the diam- 
eter of the corresponding drive chamber (21, 
22). 

10. Actuator according to Claim 1, further charac- 
terised in that an additional end stop element 
(50) is provided for each rack and piston as- 
sembly, as well as control means (51) for mov- 
ing said additional stop element (50) between 
advanced and retracted positions. 

11. Actuator according to Claim 10, characterised 
in that said control means (51) for the addi- 
tional end stop element (50) comprises and 
independent pneumatic cylinder axially aligned 
to the drive chamber (21, 22) and sealing 
means (53) at the end of the stop element to 
close the axial duct (30) in said rack and piston 
assembly (13, 14). 

55 
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